Kinetic modeling of quartz and carbon pellet at temperatures of 1898 K, 1923 K, and 1948 K (1625°C, 1650°C, and 1675°C) was investigated in this study. The carbon materials used were charcoal, coke, coal, and preheated coal. The overall SiC producing reaction can be described by the reaction SiO 2 + 3C = SiC + 2CO. In the SiC-producing step, the reaction rate of quartz and carbon pellet can be expressed as
The carbon factor F C was used to describe the influence of different carbon materials that effect the gas-solid interface reaction. For charcoal, coke, coal, and preheated coal, the F C values were 0.83, 0.80, 0.94, and 0.83, respectively. The pre-exponential factor A values for the preceding four carbon materials were 1.06 9 10 16 min À1 , 4.21 9 10 15 min À1 , 3.85 9 10 9 min À1 , and 1.00 9 10 25 min À1 , respectively. The activation energies E for the SiC-producing step were 570, 563, 336, and 913 kJ/mole for charcoal, coke, coal, and preheated coal pellets, respectively. REACTIONS between quartz and carbon in pellets can be divided into two steps: SiC producing and SiO producing. [1] In the SiC-producing step, SiO 2 and C react according to the reaction 
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During the SiO-producing step, the main reaction is between SiO 2 and SiC. The reaction rate at this step is quite slow and has a constant reaction rate at experimental temperature. It is also believed that the SiC-formation reaction (Eq. [1] ) in the quartz and carbon pellet can be divided into the following two steps: SiO formation (Eq. [2] ) and SiO capture (Eq. [3] ).
1773Kð1500 CÞ ¼ À74:8 kJ=mol
½3
Weimer et al. [2] summarized the reaction rate constant k(T) and activation energy E of the reaction between quartz and coke, charcoal, and carbon black (Table I) for b-SiC manufacture. The activation energies for different carbon materials differ as a result of the different intrinsic reactivities of the various carbon materials. They could also be influenced by the differences in the other parameters, such as the particle size of quartz, type of quartz, and contact between quartz and carbon. The reaction rate constants k(T) for the same carbon at the same temperature are generally consistent with each other.
In this study, kinetic modeling of pellets pelletized with different carbon materials, such as charcoal, coke, coal, and quartz, and heated to different temperatures is investigated. The simplified reaction rate expression is obtained after comprehensive study of the previous data.
II. EXPERIMENTAL
The experimental part is thoroughly described in Reference 3, and will be given. The quartz used was of high purity. [1] Charcoal, coke, coal, and preheated coal were pelletized with quartz. All of the raw materials were crushed by a tungsten carbide crusher, and 20-mesh sieve was used to collect the powders smaller than 20 meshes. The particle size distributions of all the raw materials are demonstrated in Figure 1 . The pellets were made by the following procedure: quartz and carbon powders were mixed in the shaker mixer for 8 hours. Then the mixture was pelletized into Fig. 1 -Particle size distribution of quartz and carbon materials [3] : (a) quartz and (b) carbon materials. Table I . Reaction Rate Constant k(T) and Activation Energy E Summarized in Previous Studies for Reaction 1 [2] Carbon Material (2000) 9.00 1 to 3 mm pellets using water as a binder. For the last step, the pellets were heated in a drying oven at 373 K (100°C) for 12 hours to vaporize the water in pellets. The content of carbon materials (including fix C, ash, volatile, and moisture) in the pellets was 15 wt pct. All of the carbons in the pellets were consumed before the end of the experiments. Kinetic modeling was done from the point the pellets were heated to the holding temperatures to the end of the SiC-producing step. Kinetic modeling was conducted with the isothermal isoconversional method combining the model fitting method. [4] [5] [6] [7] [8] [9] [10] [11] Equation [4] is the reaction rate expression. Weight loss (percent) here is presented as the degree of conversion in the pellets. f(pct) is the modified first-order solid-state kinetic model describing the feature of reduction rate vs weight loss (percent). The gas-solid interface factor n = 0.40 9 X fix-C À0.86 is defined to modify the solid-state reaction model, making it suitable for the solid-state reaction that occurs via the gas intermediate. X fix-C is the weight percent of fix C in the pellet, which is obtained from the chemical analysis. The reaction constant k(T) is expressed by the Arrhenius equation. A is a pre-exponential factor; E is the activation energy; R is the general gas constant, 8.3145 J/mol K; and T is the absolute temperature in Kelvin. 
III. RESULTS AND DISCUSSION

A. Experimental Results of Rate of Reaction (d pct/dt) vs Extent of Reaction Given in Percent
As shown in Figure 2 , all the curves of d pct/dt vs pct for charcoal, coke, coal, and preheated coal have similar shapes when compared with carbon black. The experiments of quartz with coke, coal, and preheated coal pellets at 1898 K (1625°C) will not be discussed due to the slow reaction rate. For the experiments of quartz and charcoal pellet at the temperature of 1898 K (1625°C) and the experiments of quartz and every kind of carbon material at 1923 K (1650°C), the maximum reaction rate occurred when the holding experimental temperature was reached. For the experiments at 1948 K (1675°C), due to the fast reaction rate, the holding temperature was obtained by the weight loss of ca. 12.5 pct. From the start of the period with the constant holding temperature, the curves show a linear decrease in percent transformed, which means that the relationship between d pct/dt and pct is linear. Then Eq. [6] is valid. After the SiC-producing step, which is the linear area, the SiO-producing step with the constant rate was performed. However, the lengths of the constant step are not the same due to the different reactivities of carbon materials. The kinetic modeling in this article will focus on SiC producing, which is the linear area describing the reaction rate at constant temperature.
B. Kinetic Modeling
The activation energy and pre-exponential factor of different carbon material pellets are listed in Table II , according to Eq. [4] . The activation energies of the reaction using charcoal and coke are 570 and 563 kJ/mole, which are close to carbon black. For coal, the existence of liquid coal tar at high temperature increases the contact between quartz and carbon and increases the reaction rate compared with the preheated coal. The reactions using coal are not very temperature sensitive and have lower activation energy (335 kJ/mole). In contrast, the existence of the coal tar pitch hinders the reaction in the quartz and preheated coal pellet but is very temperature sensitive. The activation energy of the reaction using preheated coal is 913 kJ/mole.
When comparing with previous studies, it is seen that the activation energies listed in Table II for the charcoal and coke are in the same area, as summarized in Table I by Weimer, [2] of 544 kJ/mole for charcoal and 552 kJ/mole for coke breeze. For the carbon black, the activation energy is higher compared with the literature, which is in the area of 154 to 382 kJ/mole. The difference may be attributed to the type of carbon black and type of quartz. The pre-exponential factor, which reflects how often the molecules collide during the reaction, is consistent with the value of activation energy.
The relationship between the gas-solid interface factor n and fix-C was first obtained from experiments of quartz and carbon black. [3] As shown in Table III , there is some deviation between the experimental and calculated values of the gas-solid interface factor. This indicates that the gas-solid interface factor n is not only influenced by the amount of fix-C but also by the type of carbon, the shape of carbon particles, the other contents in carbon materials, and the other parameters that originated from the difference in the carbon materials. In this article, the carbon factor F C is defined to describe the influence of different carbon materials that affect the gas-solid interface reaction. For carbon black, F C is set as 1. For the other carbon materials, the experimental n equals calculated n multiplied F C . Carbon factor F C for charcoal is found to be 0.83, for coke 0.80, for coal 0.94, and for preheated coal 0.83. Hence, the gas-solid interface factor n can be presented as
Equations [9] through [12] show the reaction rate expression for quartz and charcoal, coke, coal, and preheated coal pellet. The fitting results at 1898 K, 1923 K and 1948 K (1625°C, 1650°C, and 1675°C), are shown in Figure 3 . The modeling results all have good consistency with the experimental results. It must be noted that, in the first part of the curves, the show that charcoal and coal have a higher reduction rate compared to coke and preheated coal. The k(T) for carbon black was lower, even though it has a much higher reaction area due to the finest carbon powders. Figure 4 shows the reaction rate constant k(T) expressed by the Arrhenius equation from Tables I and III. The k(T) value from the references presents the exponential relationship vs temperature (Figure 4(a) ). This indicates that the temperature plays a vital role regarding the reaction rate. The k(T) values obtained from this study are fitted to the exponential trend. Figure 4 (b) shows a roughly linear relationship between ln(k(T)) and 1/T, which ceases to be linear above 1998 K (1725°C, 1/T = 0.0005). This implies that, despite the difference between the many types of carbon and quartz materials, the reaction mechanism is the same below 1998 K (1725°C). The 1998 K (1725°C) is close to the melting point of b-cristobalite.
IV. CONCLUSIONS
Kinetic modeling was done at the isothermal stage of the experiment at the end of the SiC-producing step. The activation energy E values of the reaction between quartz and charcoal, coke, coal, and preheated coal pellets at the SiC-producing step were found to be 570, 563, 335, and 913 kJ/mole, respectively. The pre-exponential factor A values for the preceding four carbon materials were 1.21 9 10 16 , 4.21 9 10 15 , 3.85 9 10 9 , and 1.00 9 10 25 . The carbon factor F C values for charcoal, coke, coal, and preheated coal were 0.83, 0.80, 0.94, and 0.83, respectively. When comparing with the previous data, it can be concluded that the temperature has a very large effect on the vital role of the reaction rate, and the reaction mechanism below 1998 K (1725°C) for different types of carbon materials is the same. 
